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1Catalytic Hydro gen at ion of Crganic Compounds.
introduction.
The movement for the conservation of our resources has
found its way into the oil industry. We cannot but observed that
it has effected a shifting of the uses of various oils to those
for which only the higher grades were formerly applied. For ex-
ample, grades of oils formerly used in soap making, are now being
consumed as edible products in the form of lard compounds, butter
substitutes and the like; while lower grades of oils have now
found their way into the soap industry.
However, this shift came only as a result of noteworthy
developments in the refining of those oils and thus satisfactorily
adapting them to these new uses. Among the most important of these
are the many satisfactory methods for deodori zation and decolori-
zation, and more recently the process of hydrogenation or harden-
ing of oils.
The conversion of olein, or olein containing oils into
stearin has long been an ambition of the organic chemist. With
such a process possible, relatively cheap oils could be converted
into the hard fats needed in lard compounding and soap making.
As stearic acid is identical with oleic, except that it
contains only two more hydrogen atoms, the problem 3eems apparent^
ly a simple one. However, on investigation it is found that oleic
acid is exceeding resistant to the addition of this hydrogen, no
matter how intimately they are mixed. But if a third substance
is added in the form of certain suitable catalytic material, and

2then these three intimately mixed at the proper temperature, the
hydrogen will be readily absorbed by the oil, with the resulting
conversion of the olein into stearin.
The hydrogenation process does even more than the early
chemists ever anticipated. Even the most mal-odorous fish oils
yield to this treatment and lose every trace of both their fishy
odor and taste. And the darker grades of certain oils are par-
tially bleached by this process. Further, it destroys traces of
certain unsaturated substances thought to be slightly toxic in
nature, thus rendering the same better adapted lor human con-
sumption .
While the process is conducted with more or less success
by several manufacturers here and abroad, yet the important facts
necessary for satisfactorily performing this operation are not
generally known, but are retained as trade secrets. The patent
literature on this subject is voluminous, but has for its prime
purpose protection , rather than a specific record of the neces-
sary information. It contains only bread statements and gener-
alities, which usually results in the necessary repetition of all
the experimental work supposedly performed by the patentee, if it
is desired to conduct such a process.
Though the scientific literature contains much valuable
information regarding the catalytic hydrogenation of organic
compounds in general, still t ne treatment on the subject of the
catalytic hydrogenation of the ordinary oils of commerce, is ex-
ceedingly meagre.
It has been the purpose of the writer to study tne

catalytic hydro gen at ion of such compounds by means oi a systemati
investigation of the catalytic reduction or saturation of the
various kinds of linkages, with several forms of catalytic
material, and at different temperatures. And linaily, the design
ing, constructing, and operating of a model hydrogenat ion appara-
tus to so intermix oil, hydrogen and catalytic material, and so
control the temperature, that the process can be performed in a
minimum time, and with the least possible expenditure of energy.

II - History

411 - History,
in 1823 Doberiner 1 discovered that when hydrogen and
oxygen were passed over spongy platinum they would ignite to iorm
water. Later, it was found that other of the rare met&ls pos-
sessed similar properties, and to different degrees. Liebig,
2
Fohler and others studied these phenomena. Saytzeff in 1871,
working under Rolbe, succeeded in reducing nitro-benzene to
aniline, by passing a mixture of the vapors of the former with
hydrogen over palladium black.
j he use of the base metals in catalytic reduction began
with i«ond, who in 1888 found that on passing carbonic oxide or
gaseous hydrocarbons over metallic nickel at a temperature of
650° to 400° or metallic cobalt at 400° to 450°, carbon was the
ultimate reduction product. In 1896 Sabatier and Senderen began
a study of catalysis, which has resulted in one of the most
laudable classics in chemical literature. 4 They used nickel and
a great variety of both ba3e and rare metals as catalysers. They
demonstrated the effectiveness of nickel and other metals as
carriers of hydrogen, and showed the reaction to be one of gen-
eral application in the entire field of organic chemistry.
During the first decade of their study, all their re-
duction took place while the reacting substances were in the
gaseous state. As the fatty glycerides are not volatile under
ordinary pressures the above workers made no attempt to hydro-
genate them.
5Leprince and Sirche were the first to attain success in
c

5catalytic hydro genati on in the liquid state, and with the appli-
cation of this process to fatty glycerides begins the develop-
ment of the B oil hardening industry."
uwing to the limited success of the above process its
rapid application was prevented. This was also due to t he small
amount of knowledge of the catalytic action, and other essentials
necessary to its successful operation, together with its high
cost, due to its undeve lopment Then, when it was conducted on
a commercial basis, patent difficulties and litigation began and
which has continued to the present, becoming more intense during
the past few years. The future outlook of this phase of the
industry is a sad one, especially in this country. Again, our
latent System seems to have had an effect almost counter to its
purpose, i.e., instead of encouraging industrial development, it
has put a damper on it. The industry is now, 1916, in such a
condition as to be very uninviting to capital, for the prospec- (
tive investor is first confronted with the difficulty, if not
impossibility, of leasing, or obtaining on other terms, the use
of patents covering a commercially successfully process for per-
forming this operation. And second, as an only alternative, he
may develop a process, and in so doing he would experience con-
siderable difficulty in obtaining patents of any value, because
of the only exceedingly narrow claims that are now being granted
to applicants for patents in this field. This condition has
necessarily resulted from the granting of broad and sometimes
even basic claims to applicants for commercially impractical and
in many cases untried processes. The new worker will find that

6it is well nigh impossible to work out a satisfactory process
that isn't included in someone's claims already granted- so pro-
lific are the patents in this field. Yet but little information
of any real value can be obtained from the specifications of these
patents. As a result many of these patents have been branded
invalid, due to incomplete specification, and many more are
doomed to fall in this same category. In any case, these pros-
pects do not appear promising to the possible entrant to this
industry.
A very limited number of concerns were hydrogenating
oils prior to 1910, and these few were in Germany and had only
a very small output. At this time plants were established in
England and Holland, and in the following year in America. The
industry has since grown to such a size as to occupy a very
prominent position in the field of oil refining.
As the difference in price between the raw and finished
product is small, and the cost of conducting the process relative-
ly high, the margin of profit per pound or gallon is very small.
This has resulted in the process being conducted on a large
scale, so that there are only a small number of large plants con-
verting an unknown amount of relatively low grade animal and
vegetable oils into semi-fluid ond solid fats.
The history of the subsequent development is seen in the
patent literature. It consists essentially of ways and means
for continuous intimate mixture of oil, hydrogen and catalyser^
its purpose being to effect more complete hydrogenation, as well
as to reduce the time required. Much work has also been done in

7the preparing of a more active and permanent cataiyser, as well
as apparatus lor the preparation, resinii ication and testing oi
same.
The developments have taken place in many directions.
from
Various workers operating under pressures of^0.5 atmosphere to 15
atmospheres and temperature variations from 80° to 250°C.
A great variety of catalytic material has been used.
Palladium has been found to be the most motive, but its price has
made its application to oil hydrogenation prohibitive, Nickel
is by far the most active of the base metals and in its various
forms is used to the exclusion of all other metals, in this work,
its several oxides and a large number of its salts have been
used. The carbonyi is a source of obtaining the metal in a very
finely divided form and while very active its life is shortened
due to its increased secept ibiiity to "poisoners". This together
with its difficulty of complete removal from the oil has prevented
its extensive use.
Many forms of cataiyser carrying material have been used,
most common among these are: pumice, keiselguhr or infusorial
earth, charcoal, bone black, saw dust, unglazed porcelain and the
like, varying in size from that of a nut to an impalpable powder.
The tendencies of present developments in oil hydrogen-
ation, seems to be essentially catalytic, with nickel in the
metallic form as the catalyst. Pressures only sufficiently above
atmosphere to pass through the column of oil, or to be used as an
agitant, are becoming common practice. With the increase in the
activity of the catalyst came the possibility of effecting the

8reduction at a temperature just high enough to keep the oil suf-
ficiently fluid to facilitate the operation. Tne time required
for conversion has been reduced from days to a few hours, with
promise of still greater shortening of time.
However catalytic reduction has many disadvantages. The
hydrogenjsupply is still a difficult problem. The last trace of
catalytic material remaining in the fat has to some extent pre-
vented the wider use as a food. And the total cost of conducting
the process is still high. So that some process is desirable in
which the hydrogen would be generated in an active form in the
oil itself and not requiring the use of catalytic material, thus
making the process more direct and self-contained and resulting
in a reduction of the cost, and the elimination of foreign materi-
al in the finished product. The electrolytic process appears to
possess many of the above advantages and seems to be very promis-
ing.
And finally we have another illustrious example of how
an understanding of chemical phenomena has changed the seemingly
impossible of the last decade into the possible of this; and fur-
ther, has resulted in the development of a vast industry having
as its base this simple chemical reaction.

Ill - Theory.

9X heory.
General
.
The phenomena at the base of these reactions is essen-
tially one oi catalysis, and the hydro genat 1 on of oils another
of its important industrial applications. The desideratum in
reduction by means of hydrogen was to obtain it in a form that
has been termed "nascent." This, like the term catalyser, has
been sadly abused, and the seeming explanation 01 many chemical
phenomena has rested under its cover. The term " nascent" was
applied to hydrogen which had "just come into existence," and it
was long thought that this was atomic hydrogen. Put the fact
that it possessed varying degrees of activity, depending upon its'
condition of formation, exploded this view.
It is usually considered as hydrogen which is iiberatec
under conditions of varying amounts oi free energy. As a reduc-
ing agent when formed under these conditions hydrogen is active
wr.ereas under ordinary conditions it would not be. The hydrogen
can be made to possess this energy in many ways, and that obtain-
ed from each process will differ. Sufficient energy can be ob-
tained in many forms of reduction by the mere addition oi heat,
other reductions are so difficult that they cannot be made to
take place unless the free hydrogen is generated in txhe mixture
from electrolytic cells with electrode materials giving a maxi-
mum potential difference, or from suitable contact agents whose
nature and form cause the hydrogen to be formed in the presence
of this free energy.
In the realm of organic chemistry there are compounds
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possessing tnese various gradations in difficulty of reduction
and it has been shown by Sabatier and his co-workers that there
are specific metals, when specially prepared, that are best suited
to catalyse certain reduction in the presence of hydrogen.
i'orms of Reduction.
These various forms of reductions may be classified ac-
cording to the linkage between the atoms and also with regard to
t ne kind of atoms thus linked. Certain metals have the character-
istic properties of reducing the linkages between certain atoms
and not others, and are thus used m selective reduction. Certain
metals possess such great catalytic activity as to cause tne
hydrogen to be evolved under conditions of sufficient free energy,
to completely reduce the substance to the hydrocarbon in one con-
tinuous operation and in some cases at moderately high temperatures
to even split the hydrocarbon to two or more of a smaller number
of carbon atoms. Then there are the less active materials which
function so slowly that each intermediate step in the reduction
may be isolated.
Relative Difficulty of Hydrogen Addition.
in this addition of hydrogen other factors come into
play. The phenomena observed in the various forms of chemical
reactions have their role here. The ethylene linkage ( C C )
is more easily reduced than the peculiar unsaturation of the
benzene ring. Ethylene is readily reduced in the presence of the
less active catalytic material to etnane, which would not reduce
benzene to cyclohexane. The unsaturated aliphatic acid3 of low
-
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molecular weight are readily reduced to the corresponding satura-
ted acids under conditions which would not reduce benzoic acid,
the higher members of the series are not reduced as rapidly as
the lower members. The difficulty of reduction by this method
increases according to the order of the compounds in the ioilowing
series: Aliphatic aldehydes, aromatic aldehydes, aliphatic ketones
aromatic ketones, tne ethylene linkage and finally the peculiar
linkage of the benzene ring. Only reduction involving the fixa-
tion of hydrogen by addition to molecules where the double bonds
exist, have been considered.
Phases of Material tiydrogenat ed .
As the rate of chemical reaction is a function of the
degree of dispersion of the reacting substances, it at once
becomes evident that this condition can be most effectively ob-
tained when the reacting substances are in the gaseous phase,
it was the difficulty of obtaining many substances in this form
that prevented the earlier workers from hydrogenating oils and
other non-volatile compounds, nowever, it has been known tnat a
high degree of dispersion can be attained by the solubility of
the gas in the liquid and that hydrogenation can be aided very
materially by means of suitable catalytic agent3 which when car-
ried on materials possessing high occlusive powers, like charcoal.
Such material still further aids in effecting this dispersion by
acting as carriers and reservoirs of hydrogen and giving it up
to the oil as the hydrogen becomes chemically combined. With the
aid of these agencies hydrogenation of liquids has been effected
rapidly and hydrogenation shown to be of general application.
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Cat alysers
.
The omnipotent factor in all these hydro genat ion pro-
cesses is the catalyser. The rate of reaction varies with its
virility to a greater extent than to all other controlling factors
t oxme of Catalysers
.
Catalysers u3ed in hydr ogenation processes are metals,
their oxides and salts, and in the case of nickel the carbonyl.
Both noble and base metals can be used. Palladium is recognized
as the most active catalyst used in this form of reduction.
Nickel is probably next in activity. Platinum, cobalt, copper
and iron have also been U3ed. Many of the base metals have been
shown to possess no catalytic properties in effecting hydrogena-
tion. In general the metals are the most active but the oxides
closely approach them in activity. Many of tne various oxides
of a metal are present even when the metal is used as the cataly-
ser and it is believed by some that the catalytic activity of the
metal is due to such oxides, others consider an equilibrium to
exist, and the catalytic action to be the result of the shifting
equilibria, Many salts have been used, mostly of nickel; in the
form of the formate, acetate, lactate and oleate. Various workers
have studied catalysers in this iorm, but in few cases has it been
shown to be as active as the metals or the oxides. It is stated
by Bedford and Erdmann that salts are broken up into the oxides
and even to the metals at the high temperatures required for
hydrogenat ion with them as catalyst. Wimmer on the other hand
affirms that these salts are not reduced during hydrogenat ion.
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In the case of the oxides, it is believed by many that
they only catalyze when reduced to the metal. nuwever, the work
of ipatiew and sutsequently £rdmann® and Seniderens and Aboulene^
show that the oxides are not reduced to metallic nickel but
catalyze as oxides and are very effective as such. Ellis-^ on
the other hand believes that the presence 01 small traces of the
metal are necessary, and that it is tne mixture of metal and oxide
tnat is effective.
Relative Advantages
.
The advantages of the metals as catalysers are their
greater activity and tnat the reaction may take place under ordi-
nary pressures and moderate temperatures, however, they are ex-
ceedingly sensitive and are quickly poisoned by the most minute
amount of 03s, PrigjAsri^ and all the halogens. Their preparation
is also more difficult and expensive.
Q
regarding the oxides of nickel, Senderens and Abouiene
concluded from their study that these oxides appear incapable of
hydrogenation of organic material in the gaseous phase, but when
used with liquids have an activity which cannot be attributed to
the presence of the metal, and catalyse whatever their degree of
oxidation. Certain reactions will take place with the oxides which
will not proceed by the use of the metal. (This is probably due
to the fact that the metal is so easily poisoned;. The oxides are
not very active except at high temperatures and pressures. They
are however less susceptible to poisons and are more easily pre-
pared.
The activity of the catalyst is also dependent on the
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method of preparation. Tne experiments of Neigen and Barteis 11
indicate that the nickel reduced from the carbonate is somewhat
more active than that from the oxide and far more sensitive than
the material obtained on ignition of tne nitrate, other methods
of obtaining the nickel in a finely divided state have been used.
j ne most common of these is the nickel carbonyl. Nearly colloid-
al solutions of nickel have been prepared from solutions of tne
various organic nickel salts.
A noteworthy method of preparation of metallic nickei as
13
a catalyst, is the process of nagemann and Baskervilie which con-
sists in eiectrolytically depositing nickei from a solution of a
nickel salt, in the form of a very thin film, which is removed
and crumbled and activated with hydrogen after being first oxidiz-
ed by heating to 300° in air and then reducing with hydrogen at
this temperature. These minute fiake3 are suspended in the oil.
±t is claimed that they are more effective as a catalyst tnan the
material supported on a carrier, as they present both of their
sides for action while the material supported on carriers presents
only one active side, 1' he form of the material facilitates its
removal mors readily than other forms.
Action of Cataiy3ers.
The mechanism of the chemistry oi this addition of hydro-
gen by means of catalysers is, like most other catalytic reactions
yet unknown. Many hypotheses have been advanced by tne various
workers in this field, but tney have thus far been unable to ob-
tain experimental confirmation of their beliefs.
Sabatier, 13 wno has done sucn extensive work with
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catalytic nickel, believes tne reaction to be due to the ior-
mation ox metallic hydrides. The hydrogen lirst combining witn
the metal to form these hydrides on its surface. These compounds
then react with the unsaturated Cumpuunds and being sucft active
reducing agents break down liberating hydrogen in tms energetic
iorm, which then adds to the unsaturated substances. The metallic
nickels thus formed is again acted upon by more nydrogen and the
hydride again formed and the cycle repeated.
The various degrees of activity oi nickel have been sup-
posed to be due to the several hydrides which iorm as a result
of the reduction of the metal from the oxides at various tempera-
tures. The perhydride, H - Ni - H is supposed to form from nickel
reduced below 270°, while the lower hydride, U - Hi = Hi - H, is
probably formed from nickel reduced above 325°C, or from nickel
that has been slightly poisoned. Tne perhydride is so virile as
to rapidly hydrogenate the benzene ring, while the subhydirde
will only reduce the ethylene linkages. Analogous reactions
probably take place with the other catalyt icaliy active metais.
it has been 3hown that in the case of nickel alone that various
degrees of activity are capable of effecting only specific reduc-
tions, it is this fact that lead Sabatier to believe the exist-
ence of these several hydrides. Nickel obtained from the reduc-
tion of the chloride, and from the oxide at nearly 4ou°C has been
shown to form only the suboxide, and capable of only mild reduc-
tion. Nickel lormed from the oxide, prepared from the nitrate <
at the lower temperature is capable of reducing tne stable linkage
01 the aromatic ring.
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A hypothesis has been advanced by Erdmann 14 in wnich he
offers an explanation of the role played by the nickel oxide as
catalysers. The Hi Ni is supposed to add nydrogen with tne
formation of h - Ni - - Ni - H, This m turn adds to the un-
saturation in tnis manner,
HNi-O-Ni-H HH ^ Q
.
-C-C- - C - C - Ni Ni
n H to K H and
and the cycle repeated. In the reactions involving the formation
of Ni = 0, the hydrogen is formed rrom the decomposition of the
water tr.us,
fii 2 4- h2G = 2NiO + H2
With this in view it has been found desirable by Nicoiet 15 and
others, that hydrogen containing an appreciable moisture content
facilitated reduction with the use of the nickel oxides.
Carriers.
Tne functions of the carriers are many fold. They were
used as a lump material on which to deposit the catalytic agent.
This formed a porous bed through which hydrogen, and the sub-
stance to be reduced, passed while in the gaseous phase, in the
hydrogenation of liquids, carriers were used on which to deposit
-he catalytic material, in txiis case tne powdered form, it was
added here with the idea in view of facilitating the separation
of the catalyst from the reduced liquid.
It has subsequently been demonstrated that certain
material used as carriers, in the physical sense, in addition plaj
an important role as an auxiliary material in the reduction.
Substances having high occlusive power for hydrogen are desirable
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for this purpose. Their function seems to be that of a hydrogen
reservoir which it gives up to the catalyser as required. In the
case of some material used as carriers, direct adsorption phen-
omena take place on its surface. With the use of certain substan-
ces for carriers, as keiselguhr a material reduction in the tem-
perature of hydrogenation is effected.
Ellis-1 recommends the use of wood charcoal which pos-
sesses the property of absorbing or occluding hydrogen. Infu-
sorial earth, pumice, amorphous silica have also been used.
Relation of log lusion to Catalysis.
It was pointed out by Sievert and Krumhaar 17 that cer-
tain metal8,e,g. cadmium, thallium, zinc, lead, bismuth, tin,
antimony and others which possessed tjie property of occluding only
traces of hydrogen, did not catalyse hydrogenation. On the other
hand most metals that had the capacity of occluding appreciable
quantities of hydrogen were effective as catalysers. And with
some exceptions its activity was a function of this property.
The occlusive power ofmetals vary materially with the physical
iorm as well as the temperature. Palladium has the greatest oc-
clusive power for hydrogen and is also the most active catalyser.
The occlusive properties of various metals under normal conditions
are shown in the following table, the values being the number of
volumes of hydrogen absorbed by one volume of the metal. 18
Palladium black 17-18 x 104
Palladium leaf 83o
Platinum leaf 3.8
Gold, precipitated 37-46

18
Gold leaf 0.48
Cobalt, reduced 59-153
Nickel, reduced 17-18
iron, reduced 9,4-19.2
Iron wire 0.46
iron, cast 0. 57-0.80
Copper, reduced 0.6 - 4.8
Copper, wire 0.3
Aluminium, leaf 1.1 - 2.7
Certain metals having high occlusive powers may not be useful as
catalysers due to their sensitiveness to poisons. From the re-
sults of the various workers in this field, it appears that the
catalytic hydro genat ion is a phenomenon which takes place as a
result of local adsorption.

Experiment at io
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. IV - Experimentation.
Apparatus
.
Since the nature of these reactions required the main-
tainance of uniform temperatures over a vast range, together with
the need of mixing and preheating of the reacting gases and cause
then to pass through a suspended mass of catalytic material, they
demanded the construction of especially designed apparatus to
perform these functions.
Small Apparatus.
The first apparatus built was designed primarily to be
used for the hydrogenation of non-volatile liquids like the heav-
ier fatty glycerides, but by using a separate vessel in which
volatile liquids could be distilled or evaporated by means of a
rapid flow of dry hydrogen, the apparatus became well suited to
the reduction of any substance in the gaseous phase. Solids were
also vaporized from this vessel, but if the hydrogenated product
was a solid at ordinary temperatures, it usually deposited in the
condenser tube and had to be melted out by the application of a
Puns en flame.
Large Apparatus.
The second apparatus was designed to permit of hydro-
genation of oils at high temperatures, with facilities for close
temperature regulation and control, as well as for hydrogenation
at moderate pressures and reduced pressures; also for the acti-
vation of lump catalytic material. In addition the apparatus can
be uae^d for aeration, deodcrizat ion and decoloration of oils or



20
like substances.
Hydrogen Supply.
All the hydrogen used was obtained irom Ripp generators
using zinc or iroi granules and dilute sulphuric acid. In connec-
tion with the small apparatus two or more generators containing
a kilogram of zinc and 1200 cc of 20$ sulphuric acid were used.
For runs of eight hours or more four generators were used. To
supply hydrogen in sufficient quantity at the required rate and
necessary pressure, a generator was built operating on the Ripps
principle. This consisted of two standard eleven gallon acid car-
boys and a two gallon aspirator bottle arranged as shown on draw-
ing (11) and on photographs, (11, 111, and IV). The piping con-
sisted of 10 mm glass and rubber tubing and connected as indicated.
Rubber stoppers were used throughout the generating system, and
every stopper was securely fastened with wire to the neck of the
bottle. The rubber tubing was fastened to the glass tubing by
means of wire. The dilute sulphuric acid was prepared by mixing
ten gallons of water and two gallons of concentrated (66° Faume )
sulphuric acid. The aspirator bottle contained 35 pounds of cast
iron turnings. A small piece of glass wool was placed in the low-
er neck of this bottle to prevent small pieces of iron from being
carried into the acid bottle.
The hydrogen then passed into a second aspirator bottle.
This served two functions; first, causing the velocity of the gas
to be so reduced as to deposit suspended matter, both liquid and
solid, thus acting as a trap; and second as a gas reservoir or
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gasometer. Its lower neck was connected with that of a third
aspirator bottle by means of tubing containing a cock. Should an
excess of gas be generated, the water wou]d be forced from one
bottle to the other until the head of water was equal to the gas
pressure. As the pressure of the gas from the generator was
greater that the head of water that could be obtained from these
bottles, the pressure was reduced by means of a cock on the tube
connecting generator with gasometer. As a 3afe guard against the
loss of any hydrogen a cock was placed on the pipe connecting the
two bottles forming the gasometer. This cock was closed as soon
as the water was nearly emptied from one bottle thus preventing
the gas from forcing all the water into one bottle and then
through same and escaping into the atmosphere. Even with this
valve closed this bottle acted as a satisfactory gas reservoir, a3
the compression of this large volume cf gas was sufficient to
cause a practically uniform gas flow through the hydrogenating
apparatus
.
The gas passed from this bottle through the purifying
apparatus. This consisted of: first, a 10% solution of silver
nitrate which removed H2S, PH3and CH • CH (and AsH3when using Zn)
second, a 10$ solution of potassium permanganate v?hich removed
any unsaturated organic matter that may be present; and third,
concentrated sulphuric acid which removed the major part of the
moisture. After passing through this train the gas was practical^
pure and dry. It was tested by passing a portion through a fresh
solution of silver nitrate and no precipitate was formed. The
wash bottles were tall cylinders containing 300 cc of liquid. The
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gas pa33ed into the liquid tlirough 4 holes, 1 mm in diameter, and
passed through 6 cc of liquid. The pure nydrogen then passed
through a 5 mm glass tube 6 ieet long connecting nydrogen genera-
tor with hydrogenating apparatus. The gas puriiication train lor
the small apparatus consisted ol' a common trap bottle (T), see
photograph 11), potassium permanganate bottle (K), moisture sepa-
rator (M), concentrated sulphuric acid (H) and calcium chloride (C),
It was necessary that the gas used by the small apparatus be dry
as possible, in order that it may evaporate a large amount of the
compound.
hydrogenating Apparatus
.
In the hydrogenation of all the volatile compounds, the
apparatus shown on photograph (1) and in section on drawing (1)
was used. This consisted of a distilling flask, the converter and
a receiver flask.
Construction of Apparatus.
Distilling Flask .
The distilling flask consisted of a short neck 100 cc
round bottom flask carefully fitted with a cork stopper made gas
tight and containing a glass tube reaching to the bottom of the
flask and ending in a nozzle with a hole 1.5 to 2 mm in diameter
j
also a 360° thermometer having its bulb near the bottom of the
flask, and an outlet tube leading to the converter. This was 6 mm
inside diameter and made of thin brass. It was covered with a
8 ingle layer of asbestos paper and over this was wound 24 inches
of No. 30, P and S Gage Nichrome wire, then six layers of sheet
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asbestos and then bound with cloth. Tne terminals were brought
out and fastened to 18" of No. 16 flexible cord and a layer of
friction tape wound around the whole, it is designated as "not
Tube" on photograph (1) and drawing (1). The flask is heated by
means of a heating element made of a circular piece of asbestos
board 4 mm thick, 12 cm in diameter and having a 6 cm circular
hole cut concentrically in same. It is wound as shown with 9 feet
of No. 30 Nichrome wire, the terminals being connected to binding
posts to which are also connected the leading in wires. Tempera-
tures of nearly 250°C can be obtained in the flask in about 20 min-
utes. When temperatures up to 50° were to be maintained a lu CP.
carbon incandescent lamp supplied the heat, and was arranged as
shown. The flask and heating elements were enclosed by a cylind-
rical sheet iron vessel which was completely covered with a layer
of
-J" asbestos board.
Construction of Small Converter.
The converter is made entirely from standard pipe and pipe fit-
tings. The shell is a S inch pipe 8 inches long, on the bottom is
a 2 inch pipe cap with a hoie in its center carrying an 1/8 inch
pipe running through same and ending in an 1/6 inch cap having 4
one mm holes drilled diammet rically around its sides, thus diffusing
the gas better than a single verticle hole and also preventing the
passage of solid material into the gas pipe, as these holes are abo^e
the bottom of the 2 inch pipe cap. The incoming gas is led through
a 1/8 inch pipe containing admission cocks at the two point indica.
ted. The upper one is used for the incoming gas and the lower one
while the
for the drainage of liquid, from converter and also to fill same /

to *
s
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gas is flowing. The rapid passage of the gas passed this lower
cock tends to draw the oil into the converter, and greatly facili-
tates the filling of same. The top of the shell is fitted with a
2 inch pipe flange and this with a 2 inch blank flange plate In
which was drilled two holes for 3/8 inch pipes. In one was fitted
a 3/8 inch pipe 5 inches long and on the end of which was a 3/8
inch cap. This projected below the converter and was filled with
mercury which surround a 360° thermometer. This indicated the
average temperature of a large volume of the contents of the con-
verter. In the second hole was fitted another 3/8 inch pipe which
lead the gases out of the converter and acted as an efficient air
condenser, the end section of which was arranged to have a slope of
of 30° from the horizontal. The faces of the flanges were filed
to a surface and then polished with fine emery. A gas tight joint
was made by the use of Gar lock asbestos packing No. 900. All sur-
faces were covered with a layer of powdered Acheson graphite mixed
with vaseline, which both assisted in making the joint gas tight
and facilitated separation without sticking and destruction of the
asbestos gasket. The shell, lower cap and incoming pipe line was
covered with one layer of paper asbestos. A short piece of No, 22
copper wire was arranged in a loop and bound around ends of the
converter and pipe line and conducted the current from the binding
posts to ends of resistance wire. Same also served to support the
sheet asbestos while being wrapped with the resistance wire. All
the sheet asbestos used was well moistened with water to facili-
tate its being formed to the contour of the vessel and piping.
Three coils were wound in one layer on the shell of the converter.
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J he wires were wound parallel and in the iorra of a nelix with a
gradual increase in pitcn. As there was a larger amount of wire
near the base, the temperature was higher, this tended to xorm
convection currents in the oil and cause better mixing and diffu-
sion of oil and gas. Two ceils on tne converter were wound with
two strands of wire twisted together being equivalent to two coils
in parallel or to a large size wire. Coil 9 D consisted ol two
9 foot strands of No. 30 Nichrome wire; 9.5 D, two 9.5 foot
strands of No. 30 and 10,5, one ten foot length of No. 30 wire;
145, one fourteen foot length of No. 30 wire wound on incoming
gas pipe. Eight layers of sheet asbestos were wound around the
gas pipe, and this covered with a piece of white cotton cloth.
The wire on the converter was covered with three layers of sheet
asbestos and this with a one inch layer of magnesia. This was
fastened in position with copper wire and the whole wrapped with
two layers of cotton cloth. The conductors were brought out to
a board which contained the binding posts. This was fastened to
the converter by means of two metal straps. A cover was made from
asbestos board and readily removed. This reduced the radiation
loss from the top of the converter. A copper wire basket 4 inches
high carried the catalyst. It snugly fitted the inner wall of the
converter preventing excessive passage of gas between it and walls
of the converter.
Tne receiver fiask consisted of a 1000 cc round bulb
flask fitted with a rubber stopper connecting it with the conden-
ser of the converter. The excess hydrogen after passing into this
bulb was led into a trap bottle (t) photograph (1) to bottle (b)
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which formed a water seal preventing the admission of air into the
converter should the hydrogen supply iail.
hydrogenat i on.
Construction of Lar ge Apparatus ,
The large hydrogenation apparatus consisted of two ves-
sels, a converter and a reservoir, connected by means of suitable
piping. The entire apparatus is made of standard pipe and pipe
fittings. The reservoir is made of a 5 inch pipe 20 inches long
fitted with a 5 inch cap on each end. " The thermometer cup is
made of 3/8 inch pipe and cap projecting 11 inches into the reser-
voir. It is provided with a 360° thermometer which is surrounded
with mercury. This cap also contains an oil inlet consisting of
a funnel and valve. The apparatus is filled with oil through this
opening. An outlet pipe leads from the center of its bottom to
the converter. The reservoir is heated by means of two coils, R
21 consisting of 21 feet of No. 2q nichrome wire and R io, ten
feet of No. 30 wire. The winding and insulation was constructed
in the same manner as was the small apparatus already described.
The converter is made of a l£ inch pipe 25 inches long
fitted on the bottom with a l£ inch pipe cap and on the top with
a 1£ inch flange. The pipe cap contains the nozzle of the in-
coming gas pipe and also the oil outlet. A piece of 30 mesh cop-
per wire gauze covers the bottom oi the cap and prevents the pas-
sage of any small lumps that may fall out of the catalyser basket
and thus prevent same from injuring the pump. The flange plate
is equipped with a thermometer cup made from a 3/8 inch pipe 10

mcr.es long closed on one end with a 3/8 incn pipe cap. Same con-
tains a 36o thermometer surrounded by mercury. This plate is
also fitted to the 1/4 inch pipe carrying the incoming oil; a
brass nozzle with a 3/32 inch hole in the same fits into the insia«
of this end of this pipe. A 1/4 inch outlet pipe is fitted to this
plate and is used to carry off the excess of gas. Tne converter
is heated by means of two coils; C lb consisting of 18 feet of No.
20 P and S gage Nichrome wire and C 10, ten feet of No. 30 wire.
being
The winding and insulat ion^of the same construction as the small
apparatus already described. All the piping except the incoming
gas pipe is made of 1/4 inch pipe. A pcet cock is provided at the
bottom of the converter to drain same and al3o to take samples ot
oil while the apparatus is in operation. A second pet cock is
provided to drain the piping system and is also used for sampling.
The drawing (1; and photograph (!) show the location of the vari-
ous valves. Two open mercury manometers having a range from a
vacuum to 2.3 atmospheres pressure are connected with the reser-
voir and the converter as shown. A safety tube is provided on eaci
to prevent any mercury being drawn into the apparatus due to the
sudden changes of pressure.
The incoming gas is preheated by means of coil G lo con-
sisting of 10 feet of No. 30 Nichrome wire wound around this 1/8
inch pipe in a manner as already described. The 1/4 inch oil pipe
leading from the pump to the reservoir or converter is wound with
10 feet of No. 3o Nichrome wire and designated as coii (0) 10 'and
is used to reheat oil en route back to the reservoir or converter.
The winding and insulation is constructed as already described.
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The incoming gas enters the converter through a nozzle having a
1/16 inch hole. This gas stream leaving the nozzle is directed in
such a way as to tend to churn the on when the converter is
partly full of the same. The nozzle enters the converter at an
angle of 30° with the base and an angle of 60° with the radius at
this point.
The oil is circulated by means of a rotary pump of the
mult i- vane cycloidal type, having a capacity of 0.75 ganon per
100 ft. P. U. pumping against an oil pressure head of 4.2 leet and
equipped with a relief valve set at 10 pounds. This pump is oper-
ated at a constant speed oi 518 R.P. M being belt driven by a 1/8
h. p. single phase induction motor operating at 1150 R. P.M. The
oil enters the reservoir near the top, thus preventing the oil
from flowing back into the converter through the pump, and also
causing the pump to operate under a constant pressure head of oil.
iperat ion.
Method 1.
The apparatus will treat varying amounts of oil. If a
large quantity is to be treated the reservoir is fined through
che funnel at the top. Valves A, P and D on drawing (11) on the
oil system are opened and valve C closed. The oil then passes
from the reservoir through the nozzle impounding on the cataiyser
in an atmosphere of hydrogen, it then trinkles through this
material and passes out of the converter through valve D, then is
pumped up through valve A and again enters the reservoir, and the
cycle is repeated.
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net rod 11 .
A smaller amount of oil can be treated and the reservoir
omitted from the cycle by closing vaives A and B, and naving only
valves C and D open. The oil tnen travels througn tne converter,
pump and portion of the oiling system.
'viet hod lil.
11 a still smaller amount is to be treated, this may be
admitted through the pet cock N, after removing the manometer
connection, and the valves A,B,C, and D are closed and the pump
not operated. The hydrogen then passes tuough this mass of oil
as in the samli apparatus.
Preliminary Treatment of the oil.
it is sometimes desirable to heat the oil and then blow
hydrogen through so as to saturate the oil with it and drive out
most of the oxygen dissolved before allowing the oil to come in
contact with the catalyst. In order to do this it is only neces-
sary to open valve B and close A, C, and D and by passing in
hydrogen at G it will bubble through the oil after passing valve
B.
Gas Piping S ystem.
A gas pipe line, connecting the exhaust hydrogen supply
with the reservoir was used to fill the space above the oil with
an atmosphere of hydrogen, it was al3o used to arply a heavy pres-
sure on the oil in the reservoir to quickly force the same-into the
converter. This was accomplished by having the hydrogen enter at
J, close valve E, open F, and close K, A, C, D, and G. Then open
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N, and remove manometer connection. Ln opening P the oil will
pa33 from reservoir to the converter.
Electrical Heating System,
The wiring diagram is shown on drawing (11;, The elec-
trical energy used wa3 an alternating current of 110 volts, 60
cycles, single phase. An ammeter with scale reading of - 50
amperes was used on circuit I which supplied the current to coils
C 18 and R 21. An average current value of about 4 amperes was
required by each of these coils. Tnis value could be obtained by
connecting them in series. Circuit (11) contained an ammeter witt
scale reading 0-5 amperes and supplied coils C 10, H 10, u 10,
and G 10. Carbon dish rheostats were used to regulate the cur-
rent in each circuit. With the full voltage across their termi-
nals coils C 10, fi 10, 10, and G 10 consumed 1.5 amperes per
coil. The electric motor consumed 4 amperes.
Removable Container for Catalytic Material.
A brass tube whose outside diameter was slightly less
than 1 1/2 inches was fitted at its base with small pieces of No.
10 mesh copper gauze. This cylindrical basket was 12 inches high
and was filled with the catalyst. It was supported from the ther-
mometer pipe by means of an adjustable collar to which it was con-
nected by means of two pieces of wire. Thus the catalyst basket
was removed with the top flange plate of the converter. Two 1/4
incn pipe union3 were used to disconnect the two pipe lines
fastened to this plate.
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Catalysers
.
In these ex eriments the catalysera used were nickel anc
copper in a very finely divided metallic form supported on lumps
of infusorial earth of various sizes.
Preparat ion
.
A weighed amount of nickel nitrate crystals (Ni (N03 j 26H20j
were dissolved in approximately an equal weight of water and tnis
was then heated nearly to 80°C. 1 afusorial eartn which snowed
no action on treatment with concentrated acid and alkali was used.
This material was graded by means of sieves which sorted the vari-
ous granules of a given size together. A known weight of one size
wa3 heated in a sheet iron crucible to about 150° C and then slow
ly dumped into an evaporating dish containing the hot solution of
nickel nitrate. As the air and moisture had been largely driven
from the pores of the infusorial earth by this present heating,
on coming in contact with the liquid it rapidly draws the same
into its pores. Any excess of water is then evaporated. If all
the lump3 have not been wetted, more water must be added until
there is sufficient solution to have moistened all the lumps.
This mass is then dried with constant 3tirring with a stout glass
rod. it is then removed to a nickel or iron crucible and heated
gradually with constant stirring while the water of crystalliza-
tion and then the oxides of nitrogen are being driven off. It is
then heated still further for about 15 minutes to make certain
that all the nitrogen oxides have been removed. The temperature
3hould now be between 375° and 400° C. The mass is now dumpped
aut upon a piece of sneet iron and allowed to cool. Each granule
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should appear uniformly covered and of a greyisn color.
Activation.
A weighed amount of the above material was laced in the
apparatus, the quantity taken approximately filling the basket of
the converter. The temperature is gradually raised to 280°. Watetj
vapor begins to come off at 22u°, and all tne oxide is not com-
pletely reduced even at the high temperatures. A final tempera-
ture of 325°-335° i3 attained and tnen the material is allowed
to cool slowly in a stream of hydrogen. The activated material
must be kept in an atmosphere of hydrogen until used, or revivi-
fied at the same temperatures.
in the preparation of finely divided copper as a cataiy-
3er, copper nitrate, (Cu (NO 3) 3. 3H20) was used and the procedure
outlined for nickel followed. However, cupric oxide was reduced at
a lower temperature, 200° to 250°. The catalytic material now
has a rose color. Sabatier^recommends the reduction of ~the Cu
at 180° and Holleman20 250° to 400°. it was found, however, that a
more active material was obtained when the reduction temperature
was between 200° and 220° C.
Experiment 1.
Hydro gen at i on of the >C = linkage .
Reduction of acetone to isopropyl alcohol;- The method
used was essentially that of Sabatier. .Catalytic copper was used
as it is not desired to carry the reduction to the hydrocarbon,
but in steps in order to isolate the alcohol. The copper cataly-
st was preparad as above described using 25 grams of Cu(N03) 2^2^
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per 100 grams of 3/16 inch size lump infusorial earth. 40 grams
of this material were placed in the basket of the small converter,
50 cc of acetone were placed in the distilling flask. The cataly-
st was prepared the day before and efforts made to keep it in an
atmosphere of hydrogen. To make certain of its reduction it was
revivified at 220° for 70 minutes. Additional water vapor was
given off at this time. Two 400 mm helical tube condensers were
connected in series and through which the gases passed after
leaving the receiver flask, which itself was surrounded with ice
water. About 15 cc condensed in this flask. The temperature of
the distilling flask wa3 maintained at from 26° to 34°C. As tne
temperature fell, due to the evaporation of the liquid, heat was
siipplied by means of the heating element already described, the
heat control being regulated by means of radiation. The tempera-
ture of the converter varied between 195° and 205°. The average
rate of hydrogen flow wa3 about 110 bubbles per minute. After
all the liquid in the distilling flask was evaporated, which re-
quired 12 5 minutes, the converter temperature was raised to 250°C
which drove out vapors occluded in the pores of the infusorial
earth, and at the same time hot dry hydrogen passed through the
converter. The yield was very small and this quantity wa3 further
reduced due to a portion having been evaporated by the passage of
the hot dry hydrogen over the 3ame.
The experiment was repeated under tne same conditions
with the following exceptions: the temperature of the converter
was maintained at 185° with variation between 18o°-190°. The
distilling flask operated at a temperature of 7° to lo°. To pre-
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vent a fall in temperature due tc the loss of heat oi vaporization
of the acetone, a 16 CP. incandescent lamp supplied the neces-
sary heat. An ice water bath was maintained in box n condensers
and around the receiver flask. Tne gases after passing through
the condensers were bubbled through toluene, ti cc condensed in
the receiver flask, 31 cc in container at bottom of tne condensers,
and 6 cc were obtained by fractionation from the toluene. These
portions were mixed and treated successively with three portions
of a saturated solution of «NaS04 , the layers separated and the
solution of riNaS04 extracted with ether and reclaimed 3 cc. The
total yield of isopropyi alcohol after distillation wa3 11 cc,
21$ of theoretical. P. P. = 30° - 82°, The small yield is due to
this being an equilibrium reaction and proceeds in both directions
simultaneously as stated by Sabatier.2*
Experiment 11 .
Hydro genat ion of the >C = Linkage.
Reduction of Penzaldehyde to Penzyl Alcohol: - The
purpose of this experiment was to study the catalytic effect of
finely divided copper and hydrogen as a reducing agent of aromatic
aldehydes. A new and equal portion of the CuO on infusorial
earth from the same batch wa3 place in the basket of the converter.
fi'ne copper was reduced at 200°-210° reaching a maximum temperature
at 220° and required 4 1/4 hours before the copper was completely
reduced and no water vapor be given off from the converter. The
benzaldehyde was purified by treatment with dilute (1:10) Kuh to
remove benzoic acid and then distilled, 50 grams were placed in
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the distilling flask and was vaporized by passing hydrogen .
through at a temperature of i55 Q-170°. The temperature oi the
converter varied from 180°-195°. The hydrogen flow wa3 approxi-
mately 90-100 bubbles per minute. In 1 1/2 hours all the ben-
zaldehyde had been passed through the converter. A temperature
oi 265° was reached in the converter and a rapid flow of nydro-
gen was passed through for 15 minutes before all the benzalde-
hyde and benzyl alcohol was removed from the converter. The pro-
duct was treated three times with a saturated solution of HNaS04
to remove all the benzaldehyde, and the various NaHSO^ solutions
extracted with ether to reclaim any benzyl alcohol. The residue
was then distilled at 200°-203° and a very small yield was ob-
tained. The experiment was repeated under similar conditions
with the following exceptions: the catalyst was revivified for
65 minutes. The distilling flask was maintained at a temperature
of 110°-120° and the converter at 205°-220°. The hydrogen flow
was increased to nearly 180 bubbles per minute. All the benzal-
dehyde had been vaporized from the distilling flask in 4 1/4
hours. 37 cc were obtained from the receiver flask and wa3 puri-
fied as described above. This gave a yield of 19% and had a P.P.
of 2oi°-203°. 1.5 cc of toluene boiling at llo-lll was also
obtained- probably as a result of operating at higher tmeperature
Experiment 111.
Hydrogenation of the Benzene Ring.
Reduction of benzene to cyciohexane: In general the
method of Sabatier with modifications described by Noyes were
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followed. The nickel caialyst was prepared a3 already described
using 75 grams of Ni (NO 3) g. 6rig0 and 50 grams of 3/16 inoh lump
infusorial earth. The small converter and distilling flask to-
gether with the condensing apparatus described in experiment 1
was used. The reduction of the nickel took place at 240
u
to 260°
for 140 minutes and finally reaching a maximum of 290°. it was
then allowed to remain in an atmosphere of hydrogen lor 24 hours
and again subjected to hydrogen flow and a temperature of 260°
to 290°. 50 cc of benzene were evaporated in 175 minutes. The
average rate of hydrogen flow was about 12o bubbles per minute.
The distilling flask was operated at a temperature of from 33° to
35° C. heated by means of a 16 CP incandescent lamp. Tne con-
verter temperature varied from lb2°- 192°C. 48.5 cc were collect,
ed from receiver fla3k, container at bottom of tne condensers and
what was reciained from alcohol solution. This was then put in
a 100 cc dropping funnel which was placed at the top of a 500
mm condenser arranged for refiuxing. A 300 cc round flask was
connected to the bottom of the condenser, and contained 7 5 cc of
2v% fuming sulphuric acid. The hydrocarbons were added drop by
drop with vigorous shaking. After the reaction started the iiask
was placed in a bowl of water to keep it cool. Finally after
all the product had been added the mixture wa3 heated in a water
bath for 100 minutes. After the flask had cooled, the contents
were poured into a separatory funnel and the major portion of the
cyclohexane removed. The acid layer was slowly poured into "a
large volume of ice water, this was then extracted with ether
and the product reclaimed, after drying and evaporating the ether
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was added to the large portion. This was again treated with a
new portion of fuming sulphuric acid as above described. A small
portion was tested with dimetnyl sulphate and snowed no diminution
in volume. The product was finally dried with metallic sodium
o o <
and distilled. P.P. was 80 -81 • A yield of 76% wa3 obtained.
Experiment IV.
Selective Hydrogenation.
The Hydr ogenation of aromatic linkages without reducing a hydroxy}
group.
The Reduction of Phenol to Cyclohexanol.
Nickel cataiyser prepared as above described was used.
in the preparation equal weights of Ni (N03 } 2 » ^K^O and V 4 inch
lump infusorial earth were thus treated. The procedure wa3 es-
22
sentially that of Sabatier and Senderen. The catalyst was ac-
tivated at 280° for 220 minutes reaching a final temperature of
272°. The phenol was evaporated at 12o°-125°j 50 grams requiring
205 minutes. The converter wa3 operated at a temperature of 150°
reaching a maximum of 168°, The hydrogen flowed at the rate of
about 150 bubbles per minute. At the end of the experiment the
converter was heated to 250° C. and about 6 cc of liquid was con-
densed in the receiver flask. As the converter was operated at
a temperature far below the boiling point of phenol, it is prob-
able that the catalytic material separated out mechanically any
suspended particles of phenol vapor. The phenol may also have
condensed on the surfaces of the infusorial earth and then have
been occluded by the 3ame. It has also been suggested than an

38
intermediate compound of phenol and the catalyst may have lormed
that was broken up only at the higher temperatures. The product
obtained was washed with dilute KoH (1:10) until the odor of
pnenol had disappeared and the residue was free from phenol as
indicated by the FeCl 3 test in water. The product was dried and
distilled. A small yield was obtained and it was thought that
a large part of the product was lost in the purifying treatment.
The pure cyclohexane obtained was studied. It was found to be
very soluble in dilute KOH (1:10) and also (l:30j and very ap-
preciably soluble in water. Thus the major part wa3 not separa-
ted from the phenol.
The experiment was repeated and of the 50 grams of
phenol placed in the distilling flask, 48 grams of the product
were obtained. This was then treated with 150 cc, in three
successive portions, of a dilute solution of kOH (1:10; which was
saturated with K2CO3. This mixture was thoroughly shaken and
after separation was extracted with ether, dried and evaporated
and the small amount reclained added to the original which was
again washed this time with a saturated solution of K2CO3. This
product was then irac tionaliy distilled and boiied at 16o°- 161°
giving a yield of 62$. This material was a water white liquid
having no trace of phenol odor but rather that of the terpenes,
and did not respond to the *eCi
3
test for phenol. 7f of the
cyclohexane was obtained, same boiled at 81°C and was insoluble
in dimethyl sulphate. This was probably lormed when the conver-
ter was heated to 25o° as at this temperature, according to
Sabatier, both the ring and the hydroxyl group are reduced.
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Experiment V,
nydrogenation oi a Pi cyclic Hydrocarbon.
Reduction of Naphthalene to Decahydronapht naiene.
This substance had not been reduced by this met nod, the ior-
23
mat ion temperature was stated to b& 23u u . A iresh portion oi
catalytic nickel from the same batch as tnat in the proceeding
experiment was reduced under similar conditions. 5u grams of
naphthalene was placed in the receiver flask. The distilling
flask was operated at a temperature of about 16u C for 14u
minutes. The converter temperature was maintained between 220°
and 24u°. Much difficulty was experienced with naphthalene cry-
stals clogging up the condenser tube of the converter. These
were periodically removed by heating the 3ame with a Bunsen name
The tubing connecting the receiver flask with the trap and wash
bottles were also chocked with crystals. 35 grams of the pro-
duct were obtained from the receiver flask. This was treated
with 5$ fuming sulphuric acid at room temperature. The entire
mass seemed to have dissolved. The acid was diluted and extracte
with ether which was dried and evaporated and 3 grams of a dark
brown tarry substance remained.
Experiment VI.
Reduction of the Ethylene linkage, >C =
j he hydrogenation of olein to stearin by means of hydrogen and
24
Catalytic nickel.
The small apparatus already described was used. Four
Kipp generators supplied the hydrogen. 35 grams of catalytic
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material was placed in the basket in the converter. This materi-
al contained 6.5 grams of Ni 2 3 an(* on activation reduced to 4.6
grams of metallic nickel. The 1.9 grams of oxygen reduced
absorbed 0.5 gram of hydrogen forming 2.4 grams of water. The
major part of the reduction took place at 290° to 30u°. A maxi-
mum of 390° was reached (accidentia . The rate of the hydrogen
flow was about 140-160 bubbles per minute. The ratio of the
catalytic nickel to oil was approximately 2.3$,
200 cc of Proctors and Gamble's refined Cottonseed oil
was placed in the converter through the lower set cock after the
activation of the catalyst as above described. As the constitu-
ent of the cottonseed oil under consideration is tri-oieic-
glyceride, the reaction of the reduction of olein to stearin
the tri-glyceride of stearic acid, may be represented as follows:
Olein — ^- ste«r m
^0 H
Ch3 (Ch2 ) 7 Ch = CH (CH2 ) 7C-o-CH2 CH3(CH2)l6 C~ ^ ~ (
j
!-H
Ch3 (CH2 ) 7 CH = CH (CH2 ) 7C^ 0-CH 3Ha > CH3 (CH2 ) 16 do - C-H
I 180° ,0 I
CH (CH ) ? CH - CH (CH ) 7
C*-0-CH2 CH (CH ) |6 C-o - C-H
Cottonseed oil contains varying amounts of the glycerides pal-
mitic, s tearic, linolenic, linolic, and oleic acids. If it were
all olein, or had a total unsaturation equivalent to pure olein,
it would have an iodine number of 89.8. The degree of unsatu-
ration of this oil was measured and found to have the iodine
number of 118.6. The following comparative data is illuminating.
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Proctor & Gamble's tn basi3 of
Pure Olein Cottonseed oil iodine No.= luO
iodine Number 66.9 118.6 100
Gm, H2/ gm.oil 0.UU684 0.00934 0.00788
Liter Ho/luOOgm
oil 76.1 lu4 87.6
Liter H2/liter oil 69.6 95.6 80.1
Lbs.hg/ lb oil 0.U0 684 0.00934 0.00788
Cu.ft.Hg/ lb oil 1.215 1.670 1.399
Cu. ft . Hg/ Cu. Ft oil 69.6 95.6 80.1
i his table shows the amount of hydrogen absorbed for
complete saturation. By dividing the values in coiumn (llljby luu
the hydrogen absorbed per unit change m the iodine number is
obt ained.
Physical Properties.
ulein : Mol.Wt = 884.83; M.P = -50? Sp.Gr. = 0.915 1^/1^
Stearin: Moi.wt.= 890.88; M.P = 71°^ Sp.Gr. = 0.8621 80°/ 4°
Hydrogen : Mol.wt. « 2,ol6; Density = 0.08987 gms. /liter.
Relative Velocities.
With the catalytic activity constant as well as the
pressure, the temperature will determine the relative velocities
of the reactions. In cottonseed oil which contains over 50% oi
linolic glyceride, the following reactions will be favored at
their respective temperatures :- 15
( CH3 (CH2 ) 4CH = OH CH2CHsCh(CH2 ) 7C00fe C3 H5
Linolic glyceride
120°
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( CH3 (CK2 ) 4CK s CH (CH2 ) 10COO) 3 C 3 H5
Iso-oleic glyceride
3h2 f Ni 120°
( Cti3 (CH2 ) 16C00) 3 C 3I%
Stearic glyceride
While at the higher temperature this reaction is favored:-
ttasg Action.
This reduction proceeds while the substance to be
hydrogenated is in the liquid phase, the gas is bubbled through
the oil; the hydrogen is kept in excess ( of that absorbed) by
passing it through the oil at a more rapid rate than it is ab-
sorbed, thus driving the reaction in the desired direction.
operation.
1:5) dilute commercial sulphuric acid supplied the hydrogen. The
rate of hydrogen flow for both the activation of the catalyst and
Stearic glyceride
i?our KippJs generators filled with zinc granules and
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the reduction of the oil is shown graphically on the curve sheet
of
(1). The time required for activation as well as the time^ hydros
genation is also indicated. Temperature readings of the conver-
ter were observed every five minutes, both during the reduction
of the catalyst and the hydrogenation of the oil; their values
are plotted as ordinates of both curves.
The pressure was practically that of the atmosphere, as
there was sufficient pressure produced by the Kipp generators
to force the gas through the cleaning apparatus, while the out-
let was connected with a Venturi tube vacuum pump.
Analysis ol Product ;-
When the oil had reached a temperature of about 100°C
it was poured into a hot water funnel containing two sheets of
filter paper and a layer oi bone black. This operation was
repeated three times and removed practically all of the catalyst
and suspended matter. The oil was now clear and of a yellow
color somewhat darker than the original sample.
The degree of unsaturation of the partially reduced oil
was measured by the Hanus Method. A Hanus Iodine solution and a
(standard) sodium thiosulphate solution were prepared and stand-
35
ardized. The untreated oil had an iodine number of 118.6 and
the hydrogenated oil 72.6, ^hich is a reduction of 38.8$. The
titer value of the original oil was 35,1 and the hydrogenated
oil 39.2. This product was a white tallow-like substance with
an odor similar to lard.
Experiment. Vll.
i
44
The hydrogenati on of Cottonseed Oil using the large
Apparatus described above.
In the preparation of the catalyst a small amount of thl
nickel salt was used because the lumps were larger thus presenting
a smaller surface per unit weight.
Materialei-
100 grams of infusorial earth consisting of lumps 5/16
to 3/8 inch in diameter, on which was deposited 50 grams of
Hi (NO^Jg. 6H20. 3000 cc of Proctor and Gamble's Refined Cottonseed
oil was treated.
i;per at ion .
Curve sheet (11; shows graphically the temperature vari-
ation with the time for both the reservoir and the converter. The
catalyst was activated at 300°-325° for 3 1/3 hours and reached a
maximum temperature of 380°C. The oil in the reservoir was heated
to 80° and hydrogen blown through it for 15 minutes. When the
converter temperature had reached 110° after the activation of the
catalyst, the pressure of the hydrogen was applied to the oil in
j
the reservoir, and the same was forced to fill the converter and
piping system. This oil wetted the catalyst and prevented the
reoxidation of the nickel. The apparatus remained in condition foi
14 hours after which time the converter was reheated, the pump
started and the hydrogen passed through the oil.
the total current curve on the curve sheet (11) shows
the variation of the current with time. This represents the sum
oi the two ammeter readings which indicated the current intake of
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the respective heating coils as described above.
The hydrogen pressure during activation was practically
constant at 40 mm ( 785 mm absolute pressure;. The hydrogen ilow
was sufficiently rapid to maintain: this pressure. The hydrogen
was supplied by a large Kipp generator as already described.
The catalytic material contained 14.15 grams of N12O3
which on reduction gave 10 grams of metallic nickel and required
0.52 gram or 4.6? liters of hydrogen to combine with the 4,15
grams of oxygen removed forming 4,67 grams of water. The ratiu
of nickel to oil was 1 to 184 or 0.544$
Samples were taken every hour after 3 1/2 hours of op-
eration. These were obtained from the pet cock just after the oil
passed through the pump.
The pressure in the reservoir during the hydrogenation
remained practically . constant between 35 mm and 40 mm (785 mm
absolute), and that of the converter at 20 mm to 25 mm of mercury
(770 mm). As t he
As the pump was operated far below its capacity, the
reservoir ccontained practically, all the oil, which passed in a
small stream from a 1/8 inch nozzle into the converter which was
filled with hydrogen. The oil trinkled down through the bed of
catalytic material and was kept in circulation by the pump as des-
cribed above.
Analysis of Products.
The samples were heated and filtered as described in the
preceeding experiment. Both the iodine number and the titer value
(
of each sample was measured. The curves on curve sheet (11; show

Z: 3;
30 4-:
TTme i» Hours
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these values graphically. The iodine curve shows the decrease
in the degree of unsaturation with time; and the titre curve,
the increase in titre value with time.

V - Conclusions.
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V - Conclusions.
1. That the hydrogenat ion of aldehydes and ketones to their cor-
responding alcohols with reduced copper as catalyser is a re-
versible reaction, the equilibrium varying with the tempera-
ture.
2. That selective hydrogenat ion can be effectively conducted by
the use of suitable catalysers at definite temperatures.
3. That reduced copper and hydrogen will reduce the carbonyl and
hydroxy1 groups, but dees not affect the peculiar unsaturation
of the benzene ring.
4. That nickel reduced at relatively low temperatures from the
oxide prepared from the nitrate, will nearly quantitatively
reduce benzene to cyclohexane,
#
5. That the hydro genation of liquids can be effected as readily
as gases with the aid of suitable catalytic material.
6. That certain material used as carriers of the catalytic agents
are themselves accelerators in the reduction, and lowers the
temperature necessary for the same.
7. That the activity of catalysers in the reduced metallic form
is a function of their capacity for occluding hydrogen.
8. That the rate of hydrogenat ion of oil decreases with time.
9. That an apparatus has been built that has been used to hydro-
genat e organic compounds successfully in the liquid or gaseous
phase
.
10. That a model hydrogenating plant has been designed, built
and operated and has shown its ability to hydrogenat e fatty
glycerides.
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